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Abstract

Objective: To study the association of Aspirin and other nonsteroidal anti-inflammatory drugs 

(NSAIDs) with bone mineral density (BMD).

Methods: Spine BMD was evaluated in NSAIDs users (including aspirin), in a subset of 2028 

participants from the Multi-Ethnic Study of Atherosclerosis (MESA) cohort who underwent both 

lumbar and thoracic imaging. MESA is a prospective cohort study that includes four ethnic groups 

(European descent, Asian, African-American, and Hispanic). Trabecular BMD was evaluated by 

quantitative computed tomography (QCT) based on cardiac CT images, which were obtained 

during coronary calcium scans.

Results: After adjustment for potential confounders including age, sex, race, and traditional 

cardiovascular (CVD) risk factors, a small association between trabecular BMD and baseline use 

of COX-2 selective NSAID was observed. Cox-2 selective NSAID use was associated with 7.4 

mg/cm3 (95% CI 1.6, 13.3, P=0. 013) higher trabecular BMD in thoracic spine and 10.6 mg/cm3 

higher in lumbar spine (95% CI 5.1, 16.1, P<0.001). Among regular aspirin users, associations 

between medication use and trabecular BMD showed evidence of lower BMD. Considering all 

spine fractures together, the prevalence ratio (PR) of fractures among aspirin users was 1.0 

(95%CI: 0.6. 1.6), and 1.1 (95%CI; 0.5, 2.3) among COX-2 selective NSAID users.
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Conclusion: Regular use of aspirin has no significant association with trabecular BMD in 

either the thoracic or lumbar spine, and no association with fracture prevalence. COX-2 selective 

NSAIDs may have modest positive association with BMD, but the mechanism is uncertain 

and the small effect size makes residual confounding a possible alternate explanation. Potential 

pathological mechanisms warrant further longitudinal exploration.

INTRODUCTION

Since the 1970s, aspirin has been extensively used to prevent heart attack, stroke, and other 

manifestations of CVD. In the United States alone, more than 36% adults reported regularly 

taking aspirin for primary CVD prevention (1, 2). Data revealed that aspirin with or without 

COX-2 selective NSAIDs may affect BMD and fracture risk by inhibiting the action of 

cyclooxygenase isozymes (both COX-1 and COX-2), but different studies have yielded 

divergent results (3-5).

Our aim was to investigate the association between vertebral BMD, which was evaluated 

through non-contrast cardiac computed tomography (CT) and NSAIDs use including 

aspirin. Given that BMD was the primary outcome of interest, an accurate and reliable 

BMD assessment was a key goal of our study. Several groups, including our own, have 

demonstrated that non-contrast cardiac CT can garner reliable information related to 

vertebral BMD (6, 7), compared to Dual energy X-ray absorptiometry (DXA), which is 

still the most common method to assess bone mineral density in lower back spine, hip or 

forearm. The latest generation of multidetector computed tomography (MDCT) has at least 

four unique advantages for BMD evaluation: 1) clear separation of the metabolically-active 

bone tissue (trabecular) in the spine for analysis, whereas other BMD exams combine both 

cortical and trabecular bone; 2) true volumetric density (in units of mg/cm³ ) contrary to the 

area density (in units of mg/cm2); 3) high-resolution three-dimensional (3D) digital images 

of bone morphometry; 4) providing an opportunity to evaluate bone health while assessing 

atherosclerotic risk with no extra cost or radiation. Notably, the data from clinical trials as 

well as other prospective studies suggest that trabecular bone mineral loss occurs first, but 

quickly responds to medical therapies, making it uniquely possible to reflect bone quality as 

well as density when compared to cortical bone(8-10). Based on the above information, we 

evaluated trabecular BMD using quantitative non-contrast CT images from MESA cohort

METHODS

Study Population

All images were taken from MESA, a prospective cohort study with the goal of identifying 

risk factors for subclinical atherosclerosis. MESA participants were enrolled from six 

clinical sites across the United States in between July 2000 and September 2002. The 

detailed study design has been reported previously (11).All MESA participants were free of 

clinical CVD at baseline, and the characteristics of participants including age, gender, race/

ethnicity, comorbidities including diabetes, hypertension, hyperlipidemia, family history of 

CVD, smoking, drinking and socioeconomic factors including income and education were 

collected and analyzed resulting in a well-characterized cohort. In addition, medication 

inventories (12)were used to assess any use of bisphosphonate medications (Actonel, 
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Alendronate and Fosamax) or hormones which were considered confounding variables, in 

review of their possible impact on BMD. CT scans were performed at Columbia University, 

Johns Hopkins University, Northwestern University; University of California Los Angeles, 

University of Minnesota, and Wake Forest University. All images were sent to LA BioMed 

CT Reading Center for evaluation.

The CT scan procedure and assessment of BMD

Images were examined on a PACS workstation. We adopted use of electron-beam computed 

tomography scanner with 130 kVp and 630 mA current (Chicago, Los Angeles and 

New York field imaging centers) or MDCT with 120–140 kVp, 200 to 600 mA current 

(Baltimore, Forsyth County, and St. Paul field image centers)to assess trabecular BMD on 

all chest and abdomen CT scans. Trabecular BMD was measured with the standard elliptical 

region of interest (ROI) positioned within the trabecular region utilizing Q5000 and NVivo 

workstation (QCT, Columbia, Kentucky). The thickness of the (ROI) was 10mm and 6mm 

in the center if the ROI was located in the center of the vertebrae, at least 2mm away from 

the cortical spinal edge. Major anterior portion of the vertebral body was segmented by the 

software, and all the bones densities were measured as a composite density of both cortical 

and trabecular bone components.

Assessment of vertebral fractures

Vertebral fracture status was assessed based on the Spinal Fracture Index (SFI), which was 

described by Genant (13) and Lenchik (14, 15). The degree of vertebral deformity was 

derived by comparing the ratio of heights with the adjacent upper and lower vertebral body 

when seen on visual inspection. Fractures were classified as follows: Grade I: Up to, 25% 

height reduction, Grade II 25%−40% height reduction, and Grade III more than 40% height 

reduction.

Assessment of data on aspirin and other NSAID use

A detailed medication inventory was performed for each participant using all medications 

that were either prescribed or taken over the counter. History of aspirin use and frequency 

was obtained via means of short questionnaire during patient visit which included the 

following questions:

1. Ever used regularly (Yes, No, Unknown)?

2. Currently using regularly (Yes/No); Age started regular use;

3. Days per week;

4. Age stopped regular use

For the purpose of our study, regular aspirin use was defined as taking aspirin at least 

three days per week. Since we used medication inventories, aspirin exposure assessment 

included both prescriptions for CVD prevention and over-the-counter (OTC) use. This study 

did not include the combination of non-steroidal anti-inflammatory agents with aspirin, and 

more detailed information (beyond the inventory) was not available for non-aspirin NSAIDs. 
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Since all NSAIDs were available using medication inventory, we compared medication 

inventory estimates to survey estimates for aspirin, and found them quite similar.

Statistical Methods—Multivariable linear regression analysis was used to estimate 

the independent association of aspirin with vertebral trabecular BMD. Multiple logistic 

regression model was used to estimate odds ratios [OR] (as an estimate of the prevalence 

ratio) for the association between aspirin use and prevalent vertebral fractures. The 

covariates including age, gender, race/ethnicity, BMI (body mass index), hypertension 

(elevated blood pressure >=130/80), hyperlipidemia (elevated lipid (fat) levels in the blood), 

diabetes (abnormal metabolism of carbohydrates and elevated levels of glucose in the 

blood), smoking, drinking and socioeconomic factors (income and educational status). 

Model diagnostics were conducted via formal hypothesis testing as well as graphical 

methods to assess outliers. During analysis, an unadjusted model was adapted, followed 

by an age, gender and race adjusted model. A third model was adopted for the full list of 

covariates listed above, seen as the likely confounders.

Finally, sensitivity analysis was performed for age adjustment and unavailable BMD data, 

due to age effects and prevalent fractures. We tested polynomial transforms of age and 

looked at 40 imputations of spine segments that contained a fracture or were cut off in the 

CT scan (which could only occur in the lowest region of the spine). As an additional check, 

we did a frequency of use and dose analysis (≤ 100mg versus > 100mg pill use) for aspirin 

and a comparison with other medications in the NSAID class. All statistical analyses were 

performed using SAS 9.3 (SAS Institute, Cary, NC)

RESULTS

The characteristics of the participants

As described in figure 1, the final analysis data set included 2028 participants (49.9% 

women, mean age 62±10 years) with BMD scans including 654 (32.2%) participants 

reported regular aspirin use and 138 (6.8%) participants reported using COX-2 selective 

NSAIDs. For regular aspirin users, 75.1%were reported to be taking low dose aspirin 

daily, presumably for primary CVD prevention. Compared with women, men had a 

higher prevalence of aspirin use (35.3% versus 29.2%, p<0.003). However, women had 

an approximately 9.2% COX-2 selective NSAID use, which was more than twice as high 

as men (4. 4%).The median self-reported age of starting regular aspirin use was 58 years 

(range 58±13 years), and the median self-reported duration of aspirin use was 3.5 years 

(range 2.5–5.1 years). Our analysis also indicated that prescription was a major source of 

aspirin compared with nonprescription (OTC) Aspirin, (88.4% vs. 11.6%). In this cohort, a 

total of 138 (6.8%) participants used COX-2 selective NSAIDs. Additionally, the association 

of demographic factors and medication use (aspirin and COX-2 selective NSAIDs) with 

trabecular spine BMD (mg/cm) is shown in Table 1.

BMD distribution among NSAID users

The association between drug use and trabecular BMD at the spine is reported in Table 

2. There was no association of aspirin use with trabecular BMD of thoracic (β=1.2 mg/
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cm3, 95%CI −2.1,4.4, P=0. 48) or lumbar spine (β=1. 5 mg/cm3, 95%CI −1.6,4.5 mg/

cm3, P=0.34) observed after adjustment of potential confounders including age, gender, 

BMI, exercise level, diabetes mellitus, hyperlipidemia, hypertension and coronary artery 

calcification status. However, COX-2 selective NSAID use was associated with higher 

trabecular spine BMD. After adjustment for the above covariantes, the mean thoracic 

vertebral BMD for COX-2 selective NSAID users was 7.4 mg/cm³ higher than non-users 

(95% CI 1.5, 13.3. P=0. 013). A similar result was observed in the lumbar spine for COX-2 

selective NSAID users (10.6 mg/cm³ higher, 95%CI 5.1,16.1 mg/cm3 P<0.001). Non-aspirin 

non-selective NSAIDs, including such drugs as ibuprofen, had associations that were quite 

similar to aspirin as opposed to Cox-2 selective NSAIDs (Table 2).

When stratified by spinal level (or spinal segment), lower thoracic spinal level relative to 

the upper one was associated with higher trabecular BMD in COX selective NSAID users, 

in other words, a protective association between BMD and Cox-2 specific NSAIDs. For 

lumbar, COX selectivity seemed to be more strongly associated with lumbar spinal nerve 

2 (L2) to L3 level (BMD difference12.8 mg/cm3, 95% CI 7.0 to 18.7 mg/cm3) versus 

L1 (β 10.1 mg/cm3, 95% CI 4.4 to 15.9 mg/cm3). The similar protective association was 

observed in all lumbar vertebrae beginning at the level of L1 to L4. Although the association 

between COX-2 selectivity and BMD was attenuated in the upper or lower lumbar spine, 

they still suggested the possibility of higher BMD. To our knowledge, it is the first time that 

the association of COX-2 selectivity with BMD has been reported across individual spinal 

vertebral levels, although previous reports have suggested that this association may exist3.

The association between NSAID use and fracture prevalence

Given that NSAIDS may be associated differentially with fracture prevalence based on 

Cox-2 selectivity, we performed further analysis to evaluate the association of these drugs 

with the prevalence of vertebral fracture. As shown in Table 3, compared to non-users, 

regular use of aspirin or selective COX-2 NSAID showed no statistically significant 

association with higher frequency of spinal fractures in this study population. Although 

a higher prevalence of lumbar fractures was observed among aspirin users (4.0% versus 

2.5%), this was not statistically significant (P=0. 062). Analogous results were also observed 

among Cox-2 users. Compared with non-medicine users, Aspirin users (OR 1.1; 9%CI 0.6–

1.7) and Cox-2 selective NSAID users (OR 1.1; 9%CI 0.5–2.2) did not show a significantly 

higher or lower prevalence of vertebral fractures.

Sensitivity analysis

As a final step, we evaluated aspirin use using a continuous age adjustment model and 

used multiple imputations to account for missing data due to fracture and/or age effects on 

the scans. In this sensitivity analysis aspirin use was not associated with decreased BMD, 

showing a non-significant increase of 0.59 mg/cm3 (95% CI −2.72, 3.89, P= 0.72), although 

there was a trend towards decreased BMD in occasional users (Table 4). Interestingly, 

baseline Cox 2 selective non-steroidal anti-inflammatory drug users showed an increased 

in BMD of 6.59 mg/cm3 (95% CI 0.83, 12.33, P= 0.0249), being almost entirely for 

participants taking Celecoxib and Rofecoxib.
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DISCUSSION

We found that the regular use of aspirin has no significant association with trabecular 

BMD in both thoracic and lumbar spines, while COX-2 selective NSAIDs may have 

modest positive correlation with BMD. Osteoporosis and CVD are distinct but highly 

interactive growing public health problems. Each year, there are approximately two million 

osteoporosis-related fractures, with a net cost to the US Medicare system of $19 billion (16, 

17). Recent observations have raised concerns regarding the high prevalence of osteoporosis 

among CVD patients,(18) although the mechanism for any causal link remains unclear. 

Therefore, it is important to rule out unexpected adverse medication side-effects as a 

possible source of this association between CVD and osteoporosis. Aspirin, a commonly 

used therapeutic and preventive medicine for CVD, may have a modest effect on bone 

density and fracture risk due to the relation between fractures and inflammation (19). Given 

the pharmacodynamics of aspirin, inflammatory processes may be toxic to osteoblastic cells 

suggesting a mechanism for a possible protective effect. However, NSAIDs have also been 

implicated with slow healing of fractures(19) suggesting that there may be a competing 

mechanism that might attribute to an adverse effect. This clinical equipoise as to the risk of 

aspirin use makes understanding the population of aspirin users especially important.

As a nonsteroidal anti-inflammatory drug and a salicylate, aspirin is one of the most widely 

used medications. Today, in the United States alone, more than 36% of American adults 

take aspirin regularly for the prevention of CVD. Though some initial studies have found 

that aspirin or NSAIDs may have an effect on bone health and fracture healing (20, 21), 

the credibility of these results is compromised due to the following limitations: 1) none 

of these studies were performed in large multi-center, multi-ethnic population; 2) none 

of these studies used BMD evaluation based on trabecular bone. Again, it is important 

to recognize that trabecular bone can more accurately reflect the state of bone density. 

Our study attempts to overcome these limitations by evaluating trabecular bone in a large, 

multi-center population. Cardiac CT, especially the latest generation of Multi-Detector CT, 

makes it possible to evaluate trabecular BMD by providing high-resolution 3D imaging 

while providing additional CVD risk factors information (e.g. Coronary artery calcification) 

as well. MESA is an ideal epidemiological cohort for the following reasons; 1) MESA 

is a large-scale multi-ethnic longitudinal cohort study that includes high quality, uniform 

measurements of imaging and potential confounding factors, including diet, BMI, exercise, 

medications, and CVD risk factors; 2) All MESA participants underwent a CT scan, which 

included a calcium calibration phantom under each participant for each scan; 3) MESA 

collects participants’ CVD information and data regarding the use of various drugs.

In our study, unlike the lumbar spine, the thoracic spine did not demonstrate a significantly 

higher prevalence of fracture with aspirin use. This may be due to the relatively small 

number (n=7) of thoracic fractures among aspirin users, less pain (reducing the use for 

fractures), or different participant characteristics among this group (as, with only seven 

exposed cases, we could not properly adjust the estimates). However, our data did show that 

the prevalence of fracture is highest in the upper lumbar spine, and our study reports that 

the lumbar spine vertebrae had two times the prevalence of fracture compared to the thoracic 

spine (3.0% vs. 1.5%, respectively).
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In prior studies, aspirin was shown to cause a delay in the healing of a variety of fractures 

for up to two weeks in the animal and human models (22, 23), but these differences may 

not influence bone remodeling in healthy bone tissue. It remains unclear if the healing delay 

has any clinical implications or if these associations are dictated by the same underlying 

cause of both disease states. However, bone mineral density testing may be prudent for older 

patients starting aspirin, as the association between cardiovascular disease and osteoporosis 

may suggest screening for the second disease given the first (24). This provides a second 

advantage of coronary calcium testing, as one can assess atherosclerosis risk and measure 

bone density with one scan (25-26).

Previous Studies

There are two previous prospective cohort studies that have considered this association, 

the Health ABC cohort (3)and Danish Osteoporosis Prevention Study (DOPS)(27). DOPS 

authors found no association between aspirin and BMD, despite the fact that that study 

was small and restricted to women. The results of the Health ABC study are also from a 

smaller and less diverse population (the Health ABC included only European- and African-

American participants). They found the same association with increased BMD that we 

established in MESA, but only among aspirin users. MESA is better powered to detect an 

association of aspirin with BMD (28-30). Statistical adjustment in these studies were most 

similar to the sensitivity analysis, which might be the best comparator and is compatible 

with these associations.

Limitations

Some possible limitations of this study could be the following: First, the cross-sectional 

nature of our study does not allow to determine a cause-effect relationship. There is a 

serious concern that participants with prevalent fracture might use these medications for 

pain control – this could lead to a reverse causality issue with fracture assessment. Second, 

there were certain missing data in the participant’s osteoporosis medication record and a 

few segments of the spine (due to fractures or scan cuts) which we accounted for using 

multiple imputation. Third, the small effect size makes it possible that residual confounding 

and missing data might be enough to account for the statistically significant but slight 

association between Cox-2 selective NSAIDs and BMD. The divergence between these 

approaches and the lack of overwhelming effect sizes highlight the need for longitudinal 

(ideally randomized) data to better estimate these associations. Fourth, the small number 

of prevalent fractures made it difficult to fully adjust the statistical analysis and the 

possibility of confounding by traditional CVD risk factors cannot be dismissed. Finally, 

MESA included both OTC and prescribed NSAIDS. Most of the aspirin is low-dose (31) 

which may limit comparisons to the higher doses seen for other classes of NSAIDs. Finally, 

almost all of the non-aspirin non-selective NSAID use was ibuprofen and naproxen (31) 

limiting generalizability to other drugs in this class.

CONCLUSIONS

Regular use of aspirin has no significant association with trabecular BMD at either the 

thoracic or lumbar spine. COX-2 selective NSAID have a modest positive correlation with 
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BMD. This study has provided key clinical epidemiology data, including the prevalence of 

aspirin use in MESA population, the trabecular vertebral BMD reference distribution, and 

the prevalence of fracture for investigating the clinical epidemiological characteristics of 

vertebral BMD.
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Figure 1. 
Inclusion/Exclusion In This Study
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Figure 2. 
Trabecular BMD measurement using MDCT
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Table 4.

Sensitivity analysis for Estimating the association between medication use and vertebra BMD (mg/cm3)

β (Se) 
† 95% CI P-value

No NSAID or ASA use Reference

ASA User (all) 0.59(1.69) −2.72, 3.89 0.72

Regular use, low dose ASA 2.54(2.62) −2.61, 7.68 0.33

Occasional use ASA −2.41(3.50) −9.28,4.47 0.49

Regular use, high dose ASA 1.03(2.01) −2.92, 4.97 0.61

Non-selective NSAIDs use −0.57(1.93) −4.35, 3.21 0.77

Cox 2 selective NSAID use 6.58(2.93) 0.83, 12.33 0.02

*
Sensitivity analysis using stronger age adjustments, multiple imputation for missing values in BMD reads, and looking at other medications in the 

non-steroidal anti-inflammatory drug (NSAID) class.

Abbreviations: BMD, bone mineral density; CI, confidence interval; NSAID, non-steroidal anti-inflammatory drug; ASA, aspirin; Std, Standard

†
β stands for the absolute value change of thoracic BMD
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